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Summary

�� The CAPEThe CAPE--OPEN standards were created to allow process OPEN standards were created to allow process 

modellingmodelling components (components (PMCsPMCs) to be used in any process ) to be used in any process 

modellingmodelling environment (PME) utilizing these standards. environment (PME) utilizing these standards. 

�� The CAPEThe CAPE--OPEN specifications were based upon both OPEN specifications were based upon both 

MicrosoftMicrosoft’’s Component Object Model (COM) and the Object s Component Object Model (COM) and the Object 

Management GroupManagement Group’’s (OMG) Common Object Broker s (OMG) Common Object Broker 

Architecture (CORBA). Architecture (CORBA). 

�� Since the inception of the CAPESince the inception of the CAPE--OPEN project, Microsoft OPEN project, Microsoft 

updated COM to the .NET Framework. updated COM to the .NET Framework. 

�� COCO--LaNLaN provides a roadmap for the evolution of CAPEprovides a roadmap for the evolution of CAPE--

OPEN into the .NET environment.OPEN into the .NET environment.
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Outline

�� The The rolerole of middleware in CAPEof middleware in CAPE--OPENOPEN

�� WhyWhy .NET, and .NET, and whatwhat itit isis

�� .NET/COM CAPE.NET/COM CAPE--OPEN OPEN InteroperabilityInteroperability

�� COCO--LaNLaN’’ss roadmaproadmap for .NETfor .NET
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distributed software components
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CAPE-OPEN Components
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Models & Middleware for distributed components

�� MicrosoftMicrosoft’’s COM/DCOMs COM/DCOM

�� OMGOMG’’ss CORBA component modelCORBA component model

�� SunSun’’ JavaJava--based J2EE (EJB)based J2EE (EJB)

�� Web Services and ServiceWeb Services and Service--Oriented Architectures (Oriented Architectures (SOAsSOAs))

�� FIPAFIPA’’ss multimulti--agent standardsagent standards

�� Microsoft .NETMicrosoft .NET

�� etc..etc..
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CAPE-OPEN choice until now

�� MicrosoftMicrosoft’’s COM/DCOMs COM/DCOM

�� OMGOMG’’ss CORBACORBA component modelcomponent model

�� SunSun’’ JavaJava--based J2EE (EJB)based J2EE (EJB)

�� Web Services and ServiceWeb Services and Service--Oriented Architectures (Oriented Architectures (SOAsSOAs))

�� FIPAFIPA’’ss multimulti--agent standardsagent standards

�� Microsoft .NETMicrosoft .NET

�� etc..etc..
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What Is COM?

�� COM is a standard that provides for:COM is a standard that provides for:

�� Language independence.Language independence.

�� Location independence.Location independence.

�� COM InterfacesCOM Interfaces

�� Objects implement multiple interfacesObjects implement multiple interfaces

�� Clients can select a specific interface to useClients can select a specific interface to use

�� In additionIn addition

�� It guarantees a common behaviour for all objects through  It guarantees a common behaviour for all objects through  

the interface the interface IUnknownIUnknown..

�� It handles the components management processes It handles the components management processes 

((instanciationinstanciation, reference counting,, reference counting,…… ))

�� It provides standard error/exception handling.It provides standard error/exception handling.
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COM Interface

�� Contract between objectsContract between objects

�� Defines group of functions supportedDefines group of functions supported

�� Defined in a language called IDLDefined in a language called IDL

�� Strongly typedStrongly typed

�� Each interface is unique and has a unique IIDEach interface is unique and has a unique IID

�� Confusion between interfaces cannot happen accidentallyConfusion between interfaces cannot happen accidentally

�� Defines binary standard through which objects Defines binary standard through which objects 

communicatecommunicate

�� Robust under change.Robust under change.

�� Objects can support additional interfaces over time Objects can support additional interfaces over time 

without breaking existing clientswithout breaking existing clients
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IDL definitions are stored in a Type Library



Interface Specifications www.colan.org Software Download

Situation with COM

�� 90% of CAPE90% of CAPE--OPEN applications have been OPEN applications have been usingusing COM as COM as 

middlewaremiddleware

�� CORBA CORBA usedused in a few casesin a few cases

�� BothBoth are are consideredconsidered to to bebe highlyhighly successfulsuccessful

�� ButBut

�� NowNow .NET .NET isis herehere and MS and MS willwill phase out COMphase out COM

�� «« Microsoft recommends that developers use the .NET Microsoft recommends that developers use the .NET 

Framework rather than COM for new developmentFramework rather than COM for new development »»
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Outline

�� The The rolerole of middleware in CAPEof middleware in CAPE--OPENOPEN

�� WhyWhy .NET, and .NET, and whatwhat itit isis

�� .NET/COM CAPE.NET/COM CAPE--OPEN OPEN InteroperabilityInteroperability

�� COCO--LaNLaN’’ss roadmaproadmap for .NETfor .NET
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Why .NET?

�� The Microsoft .NET framework was created around the late The Microsoft .NET framework was created around the late 

1990s by Microsoft with several goals in mind:1990s by Microsoft with several goals in mind:

�� Unification of the various development technologies Unification of the various development technologies 

being used to date (such as COM, Active Server pages being used to date (such as COM, Active Server pages 

(ASP), etc.)(ASP), etc.)

�� Bringing an opponent to SunBringing an opponent to Sun’’s Java technologys Java technology

�� Better coverage of mobile devicesBetter coverage of mobile devices

�� Simplified deployment of applications (fighting so called Simplified deployment of applications (fighting so called 

DLL hellDLL hell))

�� Better response to security issuesBetter response to security issues
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Managed code

�� The major difference between .NET and previous object The major difference between .NET and previous object 

models is the use of models is the use of managed codemanaged code

�� not executed by a processor in hardware, but by a virtual not executed by a processor in hardware, but by a virtual 

processor emulated by a virtual machineprocessor emulated by a virtual machine

�� The code resides in soThe code resides in so--called called assembliesassemblies which resemble which resemble 

DLLs but are in addition equipped with DLLs but are in addition equipped with metadata metadata describing describing 

their identity, version number, content, and other things. their identity, version number, content, and other things. 

�� The The virtual machinevirtual machine provides a type system which permits provides a type system which permits 

data and classes to be shared across software written in a data and classes to be shared across software written in a 

variety of several programming languagesvariety of several programming languages
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.NET Framework architecture

All flavors of 

Windows (…)

Our virtual CPU running

intermediate language

Huge library with

technologies

Language for

„human users“

Basics for all 

languages
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What is new ?

�� An An openopen conceptconcept: : specificationspecification acceptedaccepted byby ECMA ECMA 
((European Computer ManufacturerEuropean Computer Manufacturer’’s Association)s Association)

�� ImplementationsImplementations forfor otherother platformsplatforms availableavailable

�� Same Same codecode cancan runrun on different on different platformsplatforms
•• dotGNUdotGNU (Unix)(Unix)

•• MonoMono (Unix)(Unix)

•• .NET .NET compactcompact frameworkframework (mobile (mobile devicesdevices))

�� xcopyxcopy deploymentdeployment, no , no registrationregistration neededneeded

�� LanguageLanguage interoperabilityinteroperability

�� One One executionexecution frameworkframework forfor variousvarious languageslanguages

�� SeamlessSeamless mixingmixing and and matchingmatching

�� SecuritySecurity, , reflectionreflection, , metadatametadata
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Languages of the .NET framework

�� All All languageslanguages areare compiledcompiled intointo MSIL (MS MSIL (MS IntermediateIntermediate LanguageLanguage) at ) at 

developmentdevelopment timetime

�� MSIL MSIL isis compiledcompiled intointo real real machinemachine codecode at at runrun timetime

�� ManyMany languageslanguages areare availableavailable

�� C#, Visual Basic, C++, Python, C#, Visual Basic, C++, Python, ……

�� Just different Just different representationsrepresentations of of underlyingunderlying MSILMSIL

�� Common Common languagelanguage specificationspecification providesprovides bindingbinding elementselements

�� Common Common typetype systemsystem
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Types in the common type system

System.Object

System.Exception

System.Array

System.Type

System.Delegate

System.MultiCastDelegate

ValueType

Any type that
derives from

ValueType is

a structure

not a class.

Byte

Boolean

Char

Decimal

Double

Int16

Int32

SByte

Int64

UInt16

UInt32

Void

UInt64

DateTime

Guid

TimeSpan

Single

Enum

�� EmbeddedEmbedded in .NET in .NET frameworkframework

�� No No needneed forfor explicitexplicit typetype conversionsconversions acrossacross programmingprogramming

languageslanguages
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Language interoperability in .NET

�� ReallyReally transparent transparent 

developmentdevelopment acrossacross

languageslanguages

�� InteroperabilityInteroperability isis achievedachieved in in 

thethe MSIL MSIL layerlayer

�� Even Even inheritanceinheritance isis easilyeasily

achievedachieved acrossacross languagelanguage

boundariesboundaries
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Outline

�� The The rolerole of middleware in CAPEof middleware in CAPE--OPENOPEN

�� WhyWhy .NET, and .NET, and whatwhat itit isis

�� .NET/COM CAPE.NET/COM CAPE--OPEN OPEN InteroperabilityInteroperability

�� COCO--LaNLaN’’ss roadmaproadmap for .NETfor .NET
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COM interoperability

�� Large Large efforteffort mademade in .NET to in .NET to continuecontinue useuse of COM of COM 

�� SlowSlow migrationmigration pathpath essential to .NET essential to .NET successsuccess

�� e.ge.g. MS Office (Automation, Add. MS Office (Automation, Add--Ins), Explorer, ...Ins), Explorer, ...

�� WellWell--knownknown approachapproach forfor interoperabilityinteroperability::

�� WriteWrite a a wrapperwrapper ((bridgebridge))

�� CumbersomeCumbersome and and difficultdifficult

�� .NET: .NET: wrapperswrappers areare generatedgenerated automaticallyautomatically !!

�� COM/.NET COM/.NET WrappersWrappers areare calledcalled InteropInterop assembliesassemblies

�� IntermediateIntermediate piecespieces of of softwaresoftware bridgingbridging COM / .NETCOM / .NET
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Interoperability scenarios in CAPE-OPEN

PME

(Simulator)
IMaterialObject

PMC

(Unit Operation)

ICapeUnit

PMC

(ThermoPackage)

ICape

Property

Package

.NET .NET basedbased PME, PME, COMCOM--basedbased PMCsPMCs

�� Material Material objectobject: : useuse .NET .NET objectobject in COM in COM componentcomponent

�� ICapeUnitICapeUnit,  ,  ICapeThermoPropertySystemICapeThermoPropertySystem, , ……: : useuse COM COM componentcomponent in in 

.NET.NET

.NET COM
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Interoperability scenarios in CAPE-OPEN

PME

(Simulator)
IMaterialObject

PMC

(Unit Operation)

ICapeUnit

PMC

(ThermoPackage)

ICape

Property

Package

COM COM basedbased PME, .PME, .NETNET--basedbased PMCsPMCs

�� Material Material objectobject: : useuse COM COM objectobject in .NETin .NET

�� ICapeUnitICapeUnit,  ,  ICapeThermoPropertySystemICapeThermoPropertySystem, , ……: : provideprovide .NET .NET interfacesinterfaces to to 

COMCOM

COM .NET
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Using COM components in .NET

RuntimeRuntime callablecallable wrapperwrapper

�� ProvideProvide interfacesinterfaces

implementedimplemented byby

COM COM componentcomponent

�� Forward Forward methodmethod

invocationsinvocations

�� TranslateTranslate typestypes

�� StringString

�� ArraysArrays

�� ReferenceReference countingcounting

�� GeneratedGenerated e.ge.g. . fromfrom

..tlbtlb byby tlbimp.exetlbimp.exe

UseUse casescases

�� ExistingExisting CAPECAPE--OPEN OPEN componentscomponents in a in a newnew contextcontext (PME)(PME)

�� Material Material objectobject fromfrom COMCOM--basedbased PME in .PME in .NETNET--basedbased PMCPMC

Runtime
callable
wrapper

Managed code
(CLR)

Unmanaged code
(COM)

.NET
client

COM
Server

ICapeUnit

IUnknown

ICapeUnit
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Responsibilities of RCWs

�� MappingMapping typestypes

�� Simple Simple typestypes: : intint, , boolbool, , ……

�� Strings: Strings: variousvarious flavorsflavors to simple .NET to simple .NET stringsstrings

�� Arrays: Safearray, Arrays: Safearray, …… to simple .NET to simple .NET arraysarrays

�� ReferencesReferences ((IUnknownIUnknown) to ) to System.ObjectSystem.Object
�� MappingMapping systemsystem interfacesinterfaces

�� IUnknownIUnknown: : referencereference countingcounting syncsync‘‘eded withwith .NET .NET objectobject
lifecyclelifecycle

�� IDispatchIDispatch: : accessibleaccessible via via reflectionreflection

�� IConnectionPointContainerIConnectionPointContainer: : delegatesdelegates in .NET (in .NET (callbackcallback))

�� IErrorInfoIErrorInfo: : forwardedforwarded as as exceptionexception

�� IEnumVariantIEnumVariant: : implementedimplemented as as IEnumerableIEnumerable in .NETin .NET
�� MappingMapping proprietaryproprietary interfacesinterfaces

�� ProvideProvide native .NET native .NET interfacesinterfaces forfor „„proprietaryproprietary““ interfacesinterfaces

�� PropertiesProperties mappedmapped to .NET to .NET propertiesproperties

�� MethodsMethods mappedmapped, , parametersparameters accordinglyaccordingly
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Outline
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Possible applications of CO with .Net

� COM PMC in a COM PME

� a.k.a. Classic CAPE-OPEN

� .NET PMC in a COM PME

� Typical scenario

� Example develop a unit op for use in existing PME

� COM PMC in .NET PME

� Enable your PME to use legacy PMCs

� .NET PMC in .NET PME

� Next generation modeling paradigm.

� Prepare your PMCs for the future.
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.NET interoperability with COM

�� COCO--LanLan created a document entitled created a document entitled ““.NET Interoperability .NET Interoperability 

GuidelinesGuidelines””, which is available through the CO, which is available through the CO--LaNLaN website. website. 

�� This document is based on the experience gained fromThis document is based on the experience gained from

�� The development of a .NET based PME at US EPAThe development of a .NET based PME at US EPA

�� The migration of unit operation and thermodynamic models The migration of unit operation and thermodynamic models 

into .NETinto .NET--enabled COenabled CO--compliant compliant PMCsPMCs at at AixCAPEAixCAPE. . 

�� Additional input from the Additional input from the capeopentoolkit.netcapeopentoolkit.net developed at developed at 

University of Trieste by Pr. University of Trieste by Pr. FermegliaFermeglia’’ss MOSE groupMOSE group

�� Interoperability based upon .NET is a workable solution for the Interoperability based upon .NET is a workable solution for the 

period of time in which COM and .NET implementations will period of time in which COM and .NET implementations will 

exist besides each other.exist besides each other.
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The Roadmap

� Create Primary Interop Assemblies from existing COM Type 
Libraries

� New interfaces will include .NET-based definitions.

� CAPE-OPEN will become .NET-based. Future versions will 
consist of .NET assemblies. 

� COM interface definitions will be exported from .NET 
assemblies.

� .NET-based interface class assemblies will be formally
published on colan.org.
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CO-LaN Plans for 2007

� A .NET CO course was given during the annual European
CAPE-OPEN conference in Heidelberg, last March

� 20 attendees for one full day

� In addition, CO-Lan plans to deliver:

1. A guidance document that can be used by CO-LaN SIGs
to develop/update to native .Net-based interfaces.

2. Prototype .Net unit operation or property package as 
deemed appropriate. 

• The prototype source code will be made available to end-users
wanting to develop .Net components.

3. A wiki-based website for sharing problems and 
solutions for all SIGs
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COCO--LaNLaN provides a roadmap provides a roadmap 

for the evolution of CAPEfor the evolution of CAPE--OPEN OPEN 

into the .NET environment.into the .NET environment.


